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The pathogenesis of the complicated forms of coalworkers' pneumoconiosis has been the subject of various hypotheses. Of these, silica dust and tubercle bacilli have been thought some of the more probable etiological agents.
However, following the initial observations of Caplan (1953) , who discovered an association between the incidence of rheumatoid arthritis and the presence of numerous small rounded radiological lung opacities, an autoimmune pathogenesis of the complicated pneumoconioses has been proposed. Further serological studies (Caplan et al. 1962 ) have since indicated that in addition to the 'classical' Caplan's nodules, other radiological types of progressive massive fibrosis were also associated with the rheumatoid diathesis. Immunohistological investigations (Wagner & McCormick 1967) revealed deposition of rheumatoid factor within the pneumoconiotic lesions, and thus provided further evidence of rheumatological involvement.
The use of penicillamine for the treatment of rheumatoid lung disease in patients not exposed to dust (Lorber 1966 ) prompted the consideration of its possible usefulness in the treatment of rheumatoid-complicated pneumoconiosis. The improvement in clinical, radiological, physiological and serological parameters was also accompanied by a corresponding rise in serum sulphydryl (SH) levels. Serum SH levels have been shown to be decreased in rheumatoid arthritis and in other connective tissue diseases (Lorber et al. 1964 ).
In initiating a study into the potential therapeutic use of penicillamine in coalworkers with rheumatoid-complicated pneumoconiosis, it was therefore thought that an investigation into the changes in serum SH levels would be of particular interest.
Materials and Methods
A total of 9 patients, divided into groups of 5 and 4, were admitted for penicillamine treatment. The criteria for selecting patients were rapidly progressive or newly developed pneumoconiotic lesions, preferably of the Caplan type, and clinical or serological evidence of rheumatoid involvement.
The treatment regime consisted of 1.2 g of Dpenicillamine per day for the first three months, rising to 1.8 g/day for the final three months. Ascorbic acid (200 mg/day) and pyridoxine (40 mg/day) supplements were also given.
The patients served as their own controls, with pre-and post-treatment evaluation of selected clinical, physiological, radiological, hmematolological, serological and biochemical parameters.
Blood for serum SH determinations was collected in nitrogen-filled tubes and analysed as soon as possible the same day in order to minimize oxidative changes. Serum SH levels were measured spectrophotometrically using Ellman's (1959) reagent: 5-5' dithiobis-(2-nitrobenzoic acid) (DTNB). The method was modified to allow discrimination between 'fast' and 'slow' reacting SH groups. 'Total' serum SH groups were measured in 10 mmol DTNB in 0.1 mol phosphate buffer, pH 7.6, and 'fast' reacting serum SH groups in 1 mmol DTNB in 0.1 mol phosphate buffer, pH 6.5, each for a 5-minute reaction time period. The level of 'slow' reacting SH was obtained by calculating the difference between the 'total' and 'fast' reacting serum SH levels.
Results
Spectrophotometric measurement of penicillamine, a low molecular weight thiol, at both pH 7.6 and pH 6.5, demonstrated virtually no However, measurement of serum SH levels under the same conditions revealed that the SH reactivity at pH 6.5 was only approximately 5 % of its reactivity at the more alkaline pH 7.6. Hence, about 95% of the SH groups present in serum, virtually all confined to the serum protein fraction, are classified as 'slow' reacting.
Measurement of the pretreatment serum SH levels showed the 'total' and 'slow' reacting serum SH to be considerably reduced in the patients compared to normal males ofcomparable age (Table 1) . Subsequent treatment with penicillamine caused an increase in 'total' serum SH, maximal levels exceeding even those of normals, being attained in periods varying from two to four weeks. Thereafter 'total' SH levels tended to decline (Figs 1 and 2) .
Levels of 'fast' reacting serum SH levels remained low, despite the patients' intake of penicillamine. The predominant increase in serum SH was contributed by the 'slow' reacting SH, characteristic of the normal serum protein SH reactivity pattern and level.
Discussion
The lowering of serum SH in rheumatoid disease correlates with disease activity (Lorber et al. 1971) and with high rheumatoid factor titres (Kosaka 1970) . Studies on the nature of these serum SH changes have shown that quantitative and qualitative alterations in the albumin fraction are predominantly responsible (Thomas & Evans 1975) . The importance of decreased albumin levels as a discriminant feature in rheumatoid disease has been emphasized by Wilding et al. (1975) , and appears related to the increase rate of catabolic degradation (Ballantyne et al. 1971) . It is of interest in this connexion that the formation of mixed disulphides between mercaptalbumin and cysteine causes conformational changes which may well influence the rate of degradation (Ohkubo 1969) . Indeed, the characteristic microheterogeneity of serum albumin is related to its SH group and associated permutations in disulphide (SS) bond formation (Moore & Foster 1%8), a state which may be dependent on protein bound copper (Klotz et al. 1955) .
The significance of copper in rheumatoid disease and penicillamine therapy has long been a topic for speculation. Penicillamine has been shown to form ternary intermediates with albumin bound copper (Sugiura & Tanaka 1972) , and copper chelates of penicillamine increase its anti-inflammatory properties (Sorenson 1976) . A pathogenic role for copper has been suggested because of its ability to catalyse the formation of aggregates of IgG, and hence by immunostimulation, of rheumatoid factor (Gerber 1974) . However, more subtle conformational changes have been detected in IgG structure in rheumatoids using circular dichroism studies (Johnson et al. 1974) . These changes could well account for the increased catabolism of IgG that is also a feature of rheumatoid arthritis (Watkins & Swannell 1973) .
SH group reactivity, also, is a useful method for probing changes in molecular conformation. Electrostatic and steric configurations in proteins directly influence the reactivity and availability of their constituent chemical moieties. There exists, therefore, a population spectrum of SH groups of varying reactivities, each dependent on its own molecular environment. The division of SH groups into 'slow' and 'fast' reacting is obviously an oversimplified but nevertheless useful step towards understanding their metabolic significance. The ability of nonsteroidal anti-inflammatory drugs to accelerate serum SH reactivity (Gerber et al. 1967) , parallels their capacity to produce a similar effect on membrane SH groups (Famaey & Whitehouse 1975) . Studies with the nonsteroidal drug alclofenac have revealed corresponding increases in the 'fast' reacting serum SH group category (Evans 1975) . It would appear therefore that this class of drug is able to increase the reactivity of the albumin SH group by modifying its molecular environment.
The results of the present study indicate that, in contradistinction to the foregoing drugs, penicillamine administration causes an increase in the 'slow' reacting serum SH; i.e. it produces a more normal level and pattern of SH reactivities. It would be of interest to discover whether Nacetyl penicillamine and mercaptoethylamine, drugs which also increase serum SH levels but do not reduce the rheumatoid factor titre (Jaffe & Merryman 1968), do so by their contribution to the 'fast' or 'slow' reacting serum SH.
The significance of serum SH changes in rheumatoid patients treated with penicillamine, with respect to its mechanism of action, has been raised previously (Pavelka 1971 ). Studies on the binding of penicillamine to serum proteins (Planas-Bohne 1973) have shown that it is mostly bound to mercaptalbumin via the formation of mixed disulphides; thus one may expect a lowering of serum SH levels.
Hypotheses concerning the therapeutic role of penicillamine in the treatment of rheumatoid disease have generally emphasized its role as a metabolic inhibitor: either by dissociation or synthesis inhibition of the rheumatoid factor; or by preventing the formation of its presumed antigenic stimulus, aggregated IgG. However, the restoration of apparently normal serum SH levels both in quantity and quality suggests an alternative mechanism; as a promoter of normal molecular conformation. This would result in normalized albumin-tryptophan-binding properties (Aylward 1975) and an IgG nonantigenic structure. Such a mechanism would also be in keeping with the delayed effect that is characteristic of penicillamine treatment.
Studies on the renaturation of disulphidelinked proteins have indicated that, in the presence of decreased levels of low molecular weight thiols, an accumulation of incorrectly disulphide-linked metastable intermediates may occur (Creighton 1974) . Thus it is proposed that penicillamine, either as a thiol or copper chelate, acts as a conformational catalyst in the formation of the 'correct' disulphide bonds during protein synthesis. The relative metabolic inertness of penicillamine may well be a relevant factor to its role in molecular therapy.
